To compare the optic disc topography measurements from a digitized laser slitlamp and a confocal scanning laser ophthalmoscope (SLO).
Introduction
Damage to the retinal nerve fiber layer (RNFL) and optic disc precedes visual field loss; [1] [2] [3] [4] [5] [6] [7] [8] therefore, objective evaluation of the optic disc is clinically important in eyes with glaucoma. Until now, several digitized devices including the confocal scanning laser ophthalmoscope (SLO), the scanning laser polarimeter, and the optical coherence tomography, successfully provided real-time and quantitative information about the optic disc and RNFL. The Heidelberg Retina Tomograph (HRT; Heidelberg Engineering, Heidelberg, Germany), HRT II, a simplified model of HRT, and TopSS (Laser-Diagnostic Technology, San Diego, CA, USA ) are confocal SLOs that provide three-dimensional images of the optic nerve head. Accurate and good reproducibility of measurements obtained using these confocal SLOs was reported. [9] [10] [11] [12] [13] [14] [15] The Retinal Thickness Analyzer (RTA; Talia, Technology Ltd., Neve-Ilan, Israel), a digitized laser slit-lamp that uses helium-neon laser (wavelength, 543 nm) as a light source, was originally introduced to evaluate retinal thickness throughout the posterior pole. 16, 17 Recently, software that was customized to determine the border of the vitreoretinal interface was added to the RTA, which enables the ophthalmologist to create a topographic map of the optic DISK TOPOGRAPHY MEASURED BY RTA AND BY HRT II disc. The RTA may be another three-dimensional image analyzer of the optic nerve head.
Before new devices can be used clinically, assessment of the functions and reproducibility of the measurements is important. The topographic measurements of RTA, however, have not been extensively studied. In this study, we measured the optic disc parameters using the RTA and the HRT II and compared the results.
Materials and Methods
Ten volunteers were recruited from among 30 healthy young female employees of Senshokai Eye Institute. The mean ( Ϯ SD) age of the subjects was 27.2 Ϯ 2.8 years (range, 23-31 years). One eye of each subject was selected by the toss of a coin for this study. All eyes (3 right eyes and 7 left eyes) were normotensive based on applanation tonometry (mean Ϯ SD, 12.4 Ϯ 1.9 mm Hg; range, 10-15 mm Hg). The mean ( Ϯ SD) corneal curvature was 7.9 Ϯ 0.2 mm (range, 7.7-8.1 mm), and the mean ( Ϯ SD) spherical equivalent refractive error was Ϫ 1.4 Ϯ 1.3 D (range, Ϫ 3.0-+1.5 D). None of the eyes had a narrow angle, a corrected visual acuity of 0.9 or less on a decimal visual acuity chart, irregular astigmatism, hazy media, an irregularly shaped optic disc, or chorioretinal diseases. After the details of the study were fully explained, informed consent was obtained from all subjects.
RTA Measurements
The RTA optic disc topographic images from all subjects were obtained by one of us (NI). Thirty minutes before the measurements were performed, the pupil was dilated with eye drops of 0.5% tropicamide and 0.5% phenylephrine hydrochloride (Santen, Osaka). The refractive errors and corneal curvatures then were measured with an automated refract-keratometer (RK-2; Canon, Tokyo). The spherical equivalent refractive error and the mean corneal curvature were input by the examiner, and the optic disc then was scanned with the disc topography mode of the RTA. One scan area covers 3 ϫ 3 mm, which consists of 16 optical sagittal cross sections with the green laser (543 nm). Each cross section is 187 m apart and 3 mm long. In the disc topography mode, four such scans at the superior, inferotemporal, inferonasal, and temporal areas of the optic disc were performed for each measurement. In this study, three independent measurements were repeated in each subject. The image quality was assessed by an experienced operator. After the measurements, the images were analyzed using the RTA disc topography software, version 1.11. A contour line was drawn manually for each of the three measurements by one of us (MT). Using this software, 11 disc topographic parameters, which match the parameters of HRT II, were displayed with a color-coded map as results (Figure 1 ). The reference plane was set 50 m below the average height of the contour line at the temporal sector of the disk between Ϫ 4 Њ and Ϫ 10 Њ below the horizon (Figure 1 ). This definition is based on the assumption that the thickness of the papillomacular bundle at the disc contour is about 50 m. The definitions of 11 disc topographic parameters are summarized in Appendix 1.
HRT II Measurements
The study protocol was similar to that of the RTA study. HRT II optic disc topography was carried out on the same 10 subjects by the same examiner (NI) on the same day that the RTA measurements were done. For each measurement, three high-quality scans covering an area 15 Њ ϫ 15 Њ were obtained. As with the RTA measurements, three independent measurements were performed on each subject. The quality of the images was assessed by the HRT II software and by the operator. After the measurements, a disc contour line was manually drawn by one of us (MT), and the images were analyzed by HRT II software, version 1.6. The same contour line that was drawn for the first analysis was transferred to the second and third analyses with the aid of the HRT II software. The instrumentation settings and parameters of the HRT II were basically the same as those of the HRT 13 as described previously.
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Statistical Analysis
After the RTA and HRT II measurements were obtained, the mean actual values and the mean coefficients of variation (CVs) of the optic disc topographic parameters among the three measurements were calculated for each eye. The CVs were calculated by the following equation:
CV (%) ϭ (standard deviation of 3 measurements/mean of 3 measurements) * 100
The means of the actual values and the CV of each parameter (determined to evaluate the reproducibility of RTA measurements) among the 10 eyes from the two instruments were compared using the Wilcoxon signed rank test. The parameters evaluated were the disc area, cup area, cup/disc area ratio, rim area, cup volume, rim volume, mean cup depth, maximum cup depth, height variation contour, mean 
Results
The actual values of the RTA and HRT II parameters for each subject are shown in Tables 1 and 2 . The mean cup depth and the mean RNFL thickness were smaller when measured by RTA than when measured by HRT II in 9 of the 10 subjects, and the maximum cup depth and RNFL cross-sectional area were smaller when measured by RTA than by HRT II in 8 of the 10 subjects.
The mean value of each parameter measured by both RTA and HRT II in the 10 subjects are shown in Table 3 . The mean actual values of the mean cup depth, mean RNFL thickness, and RNFL cross-sectional area measured by RTA were significantly smaller than those measured by HRT II ( P ϭ .0067, P ϭ .0364, and P ϭ .0467, respectively).
The CVs of the parameters measured by the RTA and the HRT II for each subject are shown in Tables  4 and 5 , respectively. The CV of the disc area measured by HRT II was 0%, because the same contour line was used for the analyses of the three measurements in each subject.
The mean CVs of the parameters measured by the RTA and HRT II among the 10 subjects are shown in Table 6 . The mean CVs of all parameters measured by HRT II were smaller than those measured by RTA. However, there was no statistically significant difference between these RTA and HRT II measurements.
Discussion
Several investigators have reported on the accuracy or reproducibility, or both, of HRT data. Janknecht and Funk 9 reported that the pooled relative error of the cup volume was 11.3% in the model eye, and the pooled CVs of the cup volume were 6.9% in volunteers and 2.4% in the model eye. Rohrschneider et al 10 reported that the mean CVs for measurement in patients with glaucoma, glaucoma suspects, and control groups (n ϭ 13 in each group) were 2.9%, 5.0%, and 3.4%, respectively, for cup area; 4.9%, 4.6%, and 4.6% for cup volume; 5.2%, 3.8%, and 3.3% for mean cup depth; and 5.2%, 4.1%, and 4.0% for maximum cup depth. The CVs of the cup area (6.2%), mean cup depth (3.9%), and maximum cup depth (4.0%) from the HRT II measurements in our study (Table 5) were comparable to those from the HRT in the study of Rohrschneider et al. The CV of the cup volume (12.2%) in our study seems larger than that in the studies of Rohrschneider et al 10 and Janknecht and Funk. 9 In our study, two relatively large CVs of cup volume were included, ie, 27.3% in subject 7 and 22.5% in subject 8 (Table 5) , and inclusion of those eyes was thought to be related to the relatively large mean CV of the cup volume. Actually, the standard deviation of this parameter (7.3%) is larger than that of other parameters in Table 5 . Recently, Uchida et al 13 reported that the reproducibility of the HRT II was not signifi- cantly different from the reproducibility of the HRT, and that all topographic parameters obtained from the HRT II showed statistically significant correlation with those from the HRT. Collectively, the HRT II measurements in our study seem comparable to previously reported HRT measurements, except for the reproducibility of the cup volume.
The mean cup depth, maximum cup depth, mean RNFL thickness, and RNFL cross-sectional area are parameters related to the z-axis (Appendix 1). Our results suggest that the z-axis parameters were measured more shallowly by the RTA than by the HRT II (Tables 1, 2 , and 3). This difference in z-axis parameters may result from the difference in the principles of measurement between the two devices. In the RTA, the laser slit is projected to the retina obliquely (0.2 radian angle between incident and reflected light beams). However, in the HRT II, the light is projected to the retina almost perpendicularly. In addition, the different light sources in the two instruments (543 nm helium-neon laser and 670 nm red-diode laser) may result in differences in the z-axis parameters. The penetration of the short-wave laser (543 nm) is not as great as that of the long-wave laser (670 nm); thus the data from the green laser may represent images of more superficial nerve tissue than the red laser.
Although the mean CVs of the RTA were larger than those of the HRT II in all parameters, we observed no statistically significant difference in any parameters between the two devices ( Table 6 ). The small sample size may be one cause of this discrepancy. In the HRT II, the contour line of the disc edge for the first measurement could be used for subsequent measurements with the aid of the software, and so the CV of the disc area was 0% in all subjects. Because the reference plane depends on the contour line, and because the analyses of all parameters are affected by the reference plane, the need for new settings of the contour line for each measurement seems a disadvantage of the RTA. Very recently, a new version of RTA software was released and the option to Data are expressed as mean Ϯ SD. RNFL: retinal nerve fiber layer.
*By Wilcoxon signed rank test.
transfer the contour line was added. Accordingly, the reproducibility in the new version of RTA may improve. The mean CVs of the cup area, cup/disc area ratio, cup volume, and rim volume were more than 10% in the RTA. The CVs of the volumetric parameters, ie, the cup volume and rim volume, especially seemed relatively poor (14.2% and 12.3%, respectively), and the ranges of the CVs of these parameters were wide; 0% to 28.6% in the cup volume and 1.2% to 50.1% in the rim volume (Table 4) . These results suggest the need for caution in interpreting the progression of or diagnosis of glaucoma using the volumetric parameters of the RTA.
The RTA was originally developed to analyze the retinal thickness of the posterior pole, thus, it is an advantage of the RTA that the retinal thickness and optic disc evaluations can be done using one device. In addition, the optic disc cup edge imaged by the RTA is smooth and close to the clinical impression of cup shape evaluated by stereoscopic examination with a slit-lamp.
In summary, optic disc topographic measurements using the RTA were compared with those obtained using the HRT II. The actual values of the z-axis parameters measured by the RTA were smaller than those obtained using the HRT II; however, the CVs of the The area of the disc as defined by the disc contour line drawn by the user. Cup area mm 2 The area of the cup, which is the area below the reference plane, within the contour line. Cup/disc area ratio
The ratio between the "cup area" and the "disc area." Rim area mm 2 The area of the rim, which is the difference between "disc area" and "cup area." Cup volume mm 3 The volume of the cup. This is the volume below the reference plane, within the contour line. Rim volume mm 3 The volume of the rim. This is the volume above the reference plane, within the contour line. Mean cup depth mm The mean depth of the cup calculated from the nine adjacent points to the deepest point of the cup. Maximum cup depth mm The maximum depth of the cup. Height variation contour mm The difference between the highest and lowest points along the contour line. Mean RNFL thickness mm The mean height of the retinal surface along the contour line, above the reference plane. This corresponds to the mean nerve fiber thickness along the contour line. RNFL cross-sectional area mm 2 The mean RNFL thickness multiplied by the circumference of the contour line.
RNFL: retinal nerve fiber layer.
